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There still remain, however, some problems concerning r; and X mesons.
When we consider the above-mentioned facts from the viewpoint of the quark model, Nambu's argumene) provides a very satisfactory explanation: In the symmetry limit, the quark has a vanishing bare mass, and its physical mass arises as a self-energy accompanied with the appearence of massless pseudoscalar mesons which are the bound-states of the quark-antiquark system. A simple explanation of the symmetry breaking term will be made by introducing a small quark mass.
In this approach, however, it may be meaningful to make an investigation of transformation properties, including the chiral phase transformation q-? exp (-icpJ..or5/2) q, i.e. extending the basic transformation group to U(3)@U(3). We will call the transformation property under chiral phase transformation, "chirality". For example, if a Hamiltonian has interactions of, at most, four-fermion type, SU(3) Q9SU(3) invariance means invariance under U(3) ® U(3). In this case, if we introduce the symmetry breaking term -u 0 -cu 8 which has the same chirality as the quark mass term, we have
( 1· 2) where Ua and Va are scalar and pseudoscalar densities belonging to a (3, 3*) E8 (3*, 3) representation and Aa.u stands for axial-vector currents.
In § 2, starting with Eqs. (1·1) and (1· 2), we consider the ·mass formula for pseudoscalar mesons up to first order with respect to symmetry breaking.
However, the resultant values are far from the actual r; and X masses. Then, to avoid this difficulty we will introduce some additional terms which have other chirality. In § 3, we will construct such terms explicitly from the quark fields. § 2. Mass Formula
We regard both r; and X mesons as the mixed states of the singlet ¢ 0 and the eighth component of the octet ¢ 8 : jr;)=cos (}j¢s)+sin O!¢o), JX) =-sin Ol¢s) +cos Ol¢o).
Now, we note that squared masses of pseudoscalar mesons and Va are quantities of the first order with respect to symmetry breaking. Thus, sandwiching Eqs.
(1·1) and (1· 2) between these states and the vacuum I 0), we obtain the following equations under a first order approximation:
where m 0 2 is given by
The parameters a and (3 are introduced to take into account the differences of matrix elements between the octet and the singlet and defined as
These are not necessarily equal to one even in the symmetry limit. In fact, a is a ratio of the decay constant, and we can construct a model in which a=f::l. propriate values of matrix elements, these equations reproduce the actual r; and X masses. In the next section, we will explicitly construct these terms from the quark fields. § 3. Transformation properties under the chiral U(3) C?;JU (3) Quark field q transforms under U(3) (g)U(3) as follows: (UR(3) ) and is a singlet under UR (3) (UL(3) ). Now, let us proceed to the construction of the expression which is invariant under SU (3)@SU(3), but not invariant under U(3)@U(3) . We note that qL and qR transform under the chiral phase transformation as
Therefore, those expressions in which both the left and the right quark numbers are separately conserved are invariant under the chiral phase transformation. Thus, for our purpose, we must consider an expression which violates the left and the right quark number conservation. Of course, the sum of the left and the right quark numbers must be conserved because of the baryon number conservation. On the other hand, SU(3) @SU(3) invariance requires zero triality with respect to both the left and the right separately. Then we find that the difference between the numbers of qL(qR) and qL(QR) must be the integral multiple of three. Therefore, an expression of four-fermion type which is SU(3) @SU(3) invariant is also invariant under U(3) @U (3) . The simplest one suitable for our purpose is of six-fermion type, and can generally be expressed as (3· 7) where oi stands for Dirac matrices. It is sufficient to take only 1 and (J flV as Oi, since, from the definition of qL and qR, r fl and r5r fl vanish and r5 is equivalent to 1. Thus we have the following four:
(1-r5)rJP'"qm?l(1-r6)rJICAqn±Parity conj. term.
(3 ·11)
In order to obtain the interaction Hamiltonian we consider contraction of the Lorentz tensor in the above expressions. One obtained by contraction of suffices of two rJ's in iii) is identical to case i) by virtue of the Fierz transformation. Contraction between three rJ's in iv) vanishes due to the anti-symmetrical character of rJ. For other types of contraction we need derivatives. Then it is concluded that the Hamiltonian which is SU(3) @SU(3) invariant but not U(3)@ U(3) invariant must contain more than six quark fields and that within six-fermion interactions without derivatives only the following one is allowed: It is easy to see that the terms with the transformation property of (3, 3*) EB (3*, 3) are only the mass term and (3 ·13) provided that they consist of less than four quark fields without derivatives.
Finally we make a remark in connection with above discussions. In the phenomenological Lagrangian approach, we have the function of pseudoscalar meson fields M 5 ) which has the transformation property of (3, 3*). Then we can consider the following correspondence:
det M + det Mt ~ Expression (3 ·12), By using this correspondence, we may be able to make some discussions in the framework of the phenomenological Lagrangian.
